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What is claimed is : 

l\ A method of operating an LCD display, theXCD^isplay incliiding pixels arranged in an 
arcay-of-rows-and-columns, row driver circuitry for applying a row enable signal to a selected one of 
the rows to qaable the pixels within the selected rowjand colimin driver circuitry for driving voltages 
onto the colui%s of the LCD display for storage in the pixels of the selected row^e columns of the 
LCD display inMiuding at least a first column located relatively proximate to the row driver circuitry 
and at least a seco\d column located relatively distant firom the row driver circuitry,^ the row enable 

signal being subjectVo a propagation delay as it is conducted along the selected row as measured 

\ ^vue^-'^jS 

between the first column and the second column, the method comprisinglhe steps of: 

a. applying tM row enable signal to a first selected row of the LCD^aisplay xdTthe row 
driver circuitry at a first Medetermined time; ^ 

enabling a firstVolumn driver for applying a first driving voltage onto the first column of 
the LCD display at a second predetermined time to transfer the first driving voltage onto a first pixel 
located at an intersection of thirst column with the first selected row; 

o^ enabling a second co\umn driver for applying a second driving voltage onto the second 
column of the LCD display at a thiVd predetermined time to transfer the second driving voUage onto 
a second pixel located at an intersection of the second colunm with the first selected row; and 

d. delaying the third predetenpined time beyond the second predetermined time by a delay 
that is approximately equal to the propa^tion delay. 



2. The method of claim 1 wherein each voltage driven onto a selected column of the LCD 
display is also subject to a column propagation delay as it is conducted along the selected column as 
measured between the colunm driver circuitry am a row relatively distant fi"om the column driver 
circuitry, the method fiirther comprising the steps of: 

e. applying a driving voltage onto the selected column of the LCD display at a first 
predetermined time; and 

f. enabling a row driver for applying the row ehable signal to the row relatively distant 
firom the column driver at a second predetermined time del^^yed beyond the first predetermined time 
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by a delay that is approximately equal to the column propagation delay. 

\ 

method of operating an LCD display, the LCD display including pixels arranged in an 
array of rowsWd column row driver circuitry for applying a row enable signal to a selected one of 
the rows to enable the pixels within the selected rov/, and column driver circuitry for driving voltages 
onto the columns^f the LCD display for storage in the pixels of the selected row, the rows of the 
LCD display including at least a first row located relatively proximate to the colimm driver circuitry 

and at least a second \ow located relatively distant from the column driver circuitry, each voltage 

\ ^ * ' 

driven onto each columns of the LCD display being subject to^^^^^lumn propagat^on^elay as it is 

conducted along the coluifin as measured between the column driver circuitry and the second row, 

the method comprising the\steps of: 

a. applying drivingyvoltages onto the columns of the LCD display at a first predetermined 
time; and 

b. enabling a row dri\^r for applying the row enable signal to the second row at a second 

predetermined time delayed beyoijd the first predetermined time by a delay that is approximately 
equal to the column propagation de\ay. 



4. A method of compensating for propagation delay of a display line signal in a display 
having display elements accessed by an^ray of row display Hues and column display lines, the 
method comprising the steps of: 

a. generating a display line timing\signal; 

b. generating a first plurality ofu jelayed display line timin g signal^in response to the 
^isplay line timing signal^and 

c. activating one of at least one row disji^jay line and at least one column display line in 
response to each of the firstplm^ line tim ing signals. 



5. The method of claim 4, wherein the step o 
line timing signals comprises: 
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apijroximating a first propagation delay for the display line signal to propagate fi-om its 
source to a p\xel associated with a first column display line; and 

generattag one of the first plurality of delayed display line timing signals to include a delay 

substantially equal, to the approximated first propagation delay for the display line signal. 

\ 

\ 

6. The metho^ of claim 4, fiirther comprising the steps of: 

generating a second plurality of delayed display line timing signals in response to one or 
more of the first plurality oRdisplay line timing signals; and 

activating one of the at least one row display line and at least one column display line in 
response to each of the second plurality of delayed display line timing signals. 

7. The method of claim 4, mrther comprising the steps of: 

4raclQng^ which display line of aa)lurality of display lines is next to be activated; 
selecting one of the first pluralitjmf display line timing signals in response to the tracking of 
which display line is next to be activated; and 

activating a display line in response t\the one of the first display line timing signals. 



The method of claim 4, wherein the c^splay line timing signal comprises signal 
components to activate a plurality of display Unes a{ varying times. 



:^ 5t^ The method of claim 8, fiirther comprising\the step of generating a second plurality of 
delayed display line timing signals in response to a first component of the display line timing signal. 



10. The method of claim 9, fiirther comprising the steps of: 
removing the first component of the display line timingVignal; and 
generating a second plurality of delayed display line timing signals firom a second component 
of the display line timing signal. 
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1 K The method of claim 9, further comprising activating at least one display hne in response 
to each c^the second plurality of delayed display line timing signals. 

A'display line driver circuit for a display including display elements arrange d in an array 
of rows and colur^ns, the display line driver circuitry generating d ^play line timin g sjfflials, and 
comprising: 

a. a^first^^ of delay elements operatively coupled together such that a signal 
propagating through the first plurality of delay elements is increasingly delayed as it propagates 
through each successive delay element; 

b. a pluraHty of signar^aps, each coupled between a selected pair of delay elements; and 

c. at least one display li^associated with each signal tap. 

V \ 

The display line driver cir^it of claim 12 wherein each of the first plurality of delay 
elements comprises at least one of a resisHye and a capacitive element. 



1 



\ 
\ 

The display line driver circuit of chiim 12 wherein the first plurality of delay elements 



comprises a delay locked loop circuit. 

\ 

1^ The display line driver circuit of claim 12 v*(herein the display driver circuit is a column 
driver circuit and the at least one display Ime comprises a^lurality of colvmm line groups each 
associated with a column driver circuit. 



Ol |. The display line driver circuit of claim 15 fijrther con^rising a pulse generator coupled 
to each signal tap. 



p. The display line driver circuit of claim 16 wherein each puls^^generator is coupled to its 
respective signal tap through an inverter. 
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V ^ The display line driver circuit of claim 14 further comprising a delay locked loop 
adjustment circuit. 

V 

\ 

^^The display line driver circuit of claim 18 wherein the delay locked loop circuit includes 
an input and-an output, and wherein the delay locked loop adjustment circuit comprises: 
a calibration pulse generator coupled between an input of the delay locked loop circuit and a switch, 
wherein the cahbration pulse generator is configured to selectively activate the calibration circuit in 
response to an inpurto the delay locked loop circuit; 



a first comparator coupi^ed to an output of the delay locked loop circuit; 

a variable impedance elen^nt coupled between an inverting input of a si 

\ 



reference voltage; ^ 



a second comparator and a first 



reierence voiiage; \^ 
a first fixed impedance element\oupled between a second reference voltage and a non-inverting 
input to the second comparator anA^ 

a second fixed impedance coupled between the non-inverting input to of the second comparator and 
the first reference voltage, wherein an outout of the second comparator is coupled to an inverting 
input of the first comparator. \ 

a. a calibration pulse generator coupM to the input of the delay locked loop circuit; 

b. a first comparator having an invertin^nput, a non-inverting input, and an output, the 
non-inverting input being coupled to the output of thbydelay locked loop circuit; 

c. a second comparator having an inverting input, a non-inverting input, and an output, the 
output of the second comparator being coupled to the inverang input of the first comparator; 

d. a variable impedance element coupled between thesinverting input of the second 
comparator and a first reference voltage; \ 

e. a first impedance element coupled between a second refetence voltage and the non- 
inverting input of the second comparator; and \ 

f a second fixed impedance coupled between the non-inverting iiWt of the second 
comparator and the first reference voltage. 
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1^. The display line driver circuit of claim 18 wherein the delay locked loop adjustment 
ci^uit comprises a variable resistor coupled in parallel with a capacitor. 

The display line driver circuit of claim 20 wherein the delay locked loop adjustment 
circuit inmjdes a variable resistance, the delay locked loop adjustment circuit being configured to 
increase a r^ative delay of the delay elements as the variable resistance is increased, and to decrease 
the relative deW of the delay elements as the variable resistance is decreased. 



y/The display line driver circuit of claim 15, wherein each c^lmnn line driver group circuit 
comprises: 

a. a second pluraliV of successive delay elements operatively coupled together such that a 
signal propagating through the\econd plurality of delay elements is increasingly delayed as it 
propagates through each successivfeidelay element; 

b. a plurality of signal taps each coupled between a selected pair of successive delay 
elements within the second plurality of s^cessive delay elements; and 

c. at least one column signal line a^ociated with each signal tap. \/ 

23. The display line driver circuit of clain:M2 wherein the display line driver circuit is a row 
driver circuit, and wherein the at least one display linkassociated with each signal tap includes a 
plurality of row line groups, each of the plurality of row Ime groups being associated with a signal 
tap, and each of the plurality of row Hne groups having a plui;^lity of row lines associated therewith. 

v 

2|. The display driver of claim 23, wherein the row driver\?ircuit sequentially initiates each 

row of each plurality of row lines with a signal having a delay correspWiding to the row line group 

\ 

with which it is associated. \ 



25. The display driver of claim 24, further comprising a row^ounter circi^ for tracking the 
sequential initiation of row lines and for selecting an appropriate signal tap through ^ich a row 
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initiatio^i^al is to be received for each row line. 

iji. A,^ display having pixels arranged in an array of rows and columns, row driver circuitry 
for applying a i^w enable signal to a selected one of flie rows to enable the pixels within the selected 
row, and colunm\driver circuitry for driving voltages onto the columns of the display for storage in 
the pixels of the selected row, the columns of the display including at least a first column located 
relatively proximate \^ the row driver circuitry and at least a second column located relatively distant 
from the row driver cii^itry, the row enable signal being subject to a propagation delay as it is 
conducted along the sele^d row as measured between the first column and the second column, the 
display comprising: \^ <] ^ 

a. a first plurality of^elay elements within the column driver circuitry which are 
operatively coupled together sm^^ that a signal propagating through the first plurality of delay 
elements is increasingly delayed a^^it propagates through each successive delay element; and 

b. a signal tap associated wi^ the second column coupled at a selected point between two 
of the delay elements such that the del^ of the signal propagating through the first plurality of delay 
elements at that selected point is substantially equal to the-pEggagation delay of the row enable signal 
when it reaches the second colunm. 

\ 

^v27. The display of claim 26, wherein the^first plurality of delay elements comprises at least 
one element selected from the group of elements tft^t includes resistive and capacitive elements. 

\ 

\ 

2^ The display of claim 26, wherein the first plurality of delay elements comprises a delay 
locked loop circuit. 

\ \ 

29. The display of claim 26 further comprising a groil^ of colunms associated with a column 
group driver circuit for driving voltages onto each column of tn>^ group, said group of columns 
including the second column. 



\ 
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The display of claim 29 further comprising a first pulse generator coupled to the signal 

tap. 

ZXj Hje display of claim 30 further comprising a second pulse generator coupled to the 

signal tap throuj^h an inverter. 

\ 

V, \ J 

32. The dis^^Jay of claim 29 further comprising a delay locked loop adjustment circuit. ^ 



\ 



\ 

\ 
\ 



33. The display acclaim 32 wherein the delay locked loop adjustment circuit comprises: 

a. a calibration pii^se generator coupled to the input of the delay locked loop circuit; 

b. a first comparato\|iaving an inverting input, a non-inverting input, and an output, the 
non-inverting input being couple^ to the output of the delay locked loop circuit; 

c. a second comparator hi^ving an inverting input, a non-inverting input, and an output, the 
output of the second comparator beinjg coupled to the inverting input of the first comparator; 

d. a variable impedance elemei^it coupled between the inverting input of the second 
comparator and a first reference voltage; \ 

e. a first impedance element coupled between a second reference voltage and the non- 
inverting input of the second comparator; and 

f . a second fixed impedance coupled b^een the non-inverting input of the second 
comparator and the first reference voltage. 

. \ 

3^ The display of claim 32 wherein the delay locked loop adjustment circuit comprises a 

\ \ 
variable resistor coupled in parallel with a fixed capacitor}^ 



35. The display of claim 34 wherein the delay locked\oop adjustment circuit includes a 
variable resistance, the delay locked loop adjustment circuit beifig configured to increase a relative 
delay of the delay elements as the resistance of the variable resists is increased, and to decrease the 
relative delay of the delay elements as the resistance of the variable J^esistor is decreased. 
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36Sy^The display of claim 29, wherein the column driver group circuit comprises: 

a. a^econd plurality of successive delay elements operatively coupled together such that a 
signal propagating through the second plurality of delay elements is increasingly delayed as it 
propagates through e^ch successive delay element; / 

b. a signal tap^sociated with a third column among the column group and coupled at a 

selected point between two of the successive delay elements within the second plurality of successive 

\ 

delay elements; such that the'^elay of the signal propagating through the second plurality of 
successive delay elements at tha^elected point is substantially equal to the propagation delay of the 
row enable signal when it reaches t^^e third column. 

\ 

37. The display of claim 26 wh^eij'ein the row driver circuitry is configured to sequentially 
initiate each row associated with the row ^i^ver circuitry at predetermined intervals, the row driver 
circuitry having associated therewith at least "^first row located relatively proximate to the column 
driver circuitry and at least a second row located^elatively distant fi-om the column driver circuitry, 
each voltage driven onto a column being subject tosa propagation delay as it is conducted along the 
selected column as measured between the first row aA^the second row, the display further 
comprising: J \ 

a. a plurahty of successive row signal delay elem^its within the row driver circuitry which 
are operatively coupled together such that a signal propagatink through the plurality of successive 
row signal delay elements is increasingly delayed as it propagate^ through each successive row delay 
element; 

b. a plurality of signal taps associated with selected points ai^ong the plurality of 
successive row signal delay elements; and ^ 

c. circuitry configured to select a first signal tap fi-om among the V^ality of signal taps 
which will approximate the propagation delay of the voltage driven onto a coj^mn as it reaches the 
second row. 



38. A display signal timing controller for a display having a plurality of display elements 
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arrangVd in an array of rows and columns, row driver circuitry for applying a row enable signal to a 
selected otoe of the rows in response to a row timing signal, the row enable signal being subject to a 
propagation^iay as it is conducted along the row, and column driver circuitry for driving voltages 
onto the columns of the display for storage in the pixels of the selected row in response to a coluirm 
timing signal, the\pltage driven onto the column also being subject to a propagation delay as it is 
conducted along the\olumn, the display signal timing controller comprising: 

a. a pluralityW delay elements coupled in series for delaying a first display timing signal; 

b. a plurality o^aps coupled between select delay elements of the plurahty of delay 
elements for tapping delayed portions of the first display timing signal; and 

c. output circuitry cmifigured to generate a second display timing signal in response to the 
first display timing signal, the second display timing signal having signal components corresponding 



3cond 
)f«\p 



to each of the delayed portions of the tapped first display timing signal. 

\ 

39. The display signal timing controller of claim 38 fiirther comprising a plurality of display 
driver circuits, wherein each of the display\driver circuits comprises: 

a. input circuitry configured to genWte a third display timing signal in response to a signal 
component of the second display timing signal\ 

b. a second plurality of delay elements for delaying the third display timing signal; and 

c. a plurality of taps coupled between select delay elements of the second plurality of delay 
elenients for tapping delayed portions of the third display timing signal. 

40. A display having pixels arranged in an array arrows and columns, row driver circuitry 
for applying a row enable signal to a selected one of the rowfe to enable the pixels within the selected 
row, and column driver circuitry for driving voltages onto the V)lumns of the display for storage in 
the pixels of the selected row, the rows of the display including k least a first row located relatively 
proximate to the column driver circuitry and at least a second row located relatively distant fi-om the 
column driver circuitry, each voltage driven onto a colimm being suttiect to a propagation delay as it 
is conducted along the column as measured between the fu-st row and l|Jie second row, the display 

-26- 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



compris}^ 



a. k^lurality of successive row signal delay elements within the row driver circuitry which 
are operatively coupled together such that a signal propagating through the plurality of successive 
row signal delay elements is increasingly delayed as it propagates through each successive row signal 
delay element; \^ 

b. a plurality of signal taps associated with selected points among the pluraUty of 
successive row signal delay elen^nts; and 

c. circuitry configured to s'Wect a first signal tap fi:^om among the plurality of signal taps 
which will approximate the propagation^4elay of the voltage driven onto a column as it reaches the 
second row. \^ 

\ 
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